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(54) ACRYLATE RESIN FOR OPTICAL MATERIAL AND OPTICAL MATERIAL MADE 
THEREFROM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an acrylate resin 
which yellows little when subjected to a weather 
resistance test and a heat resistance test and therefore 
has an increased degree of freedom of the amount of 
additives such as a stabilizer by specifying the hue of a 
fluorenehydroxypropyl acrylate. 
SOLUTION: This resin comprises an acrylate resin 
represented by formula I (wherein R is hydrogen or 
methyl; and (n) is an integer of 0-20) and having a. hue 
(APHA) of 300 or below. The acrylate resin is obtained 
by reacting diglycidyl ether represented by formula II 
(wherein (n) is an integer of 0-20) and having a hue 
(APHA) of 200 or below with (meth)acrylic acid. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. * 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] When this invention forms a paint film, it relates to the 
optical material using the acrylate resin for optical materials and this which have the performance which 
It not only excels in transparency, but was excellent in hardness, weatherability, thermal resistance 
adhesion, etc. ' 
[0002] 

[Description of the Prior Art] The coating material for protection and optical adhesives which protect the 
front face of transparent plastics optical materials, such as a lens. Light Emitting Diode, a plastics film a 
substrate, and an optical disk, conventionally, furthermore, as what forms the hardening layer of optical 
materials, such as light filters, such as a LCD and an image pck-up element, or an electronic material 
usmg the acrylate resin which makes a fluorene hydroxy propylacrylate resin a principal component is 
proposed (JP,3-I06918,A -) JP,3-205417,A, JP,5-194338,A, JP,4-351674,A, JP,4-345608,A, JP,4- 

3373O75A., 

[0003] It has the performance in which the hardening layer which this acrylate resin makes harden this 
and is obtained is not only excellent in thermal resistance or moisture resistance, but was excellent in the 
adhesion to substrates, such as a low hardening contraction, a pencil degree of hardness, chemical 
resistance, electrolytic-etching-proof nature, an electric insulation, abrasion-proof nature, and glass etc 
and the application for intended use, such as a protective coat extensively used in an optical material an' 
electronic material, etc., is expected. 

[0004] however, this acrylate resin as the coating material for protection and optical adhesives which 
protect the front face of optical materials, such as a lens, Light Emitting Diode, and an optical disk Or if 
additives, such as an ultraviolet ray absorbent, a light stabilizer, an antioxidant, and a thermal 
polymenzation inhibitor, are added weatherability and for the purpose of heat-resistant enhancement 
when using for intended use, such as a light filter The hardening layer formed at the time of a 
weathering test and a heat-resistant examination may yellow, and it may be unable to be used as the 
coating material for these protection, or the adhesives for optical materials or the charge of light-filter 
material. Moreover, if the addition of these additives is lessened in order to prevent occurrence of this 
problem beforehand, the problem that neither weatherability nor thermal resistance is necessarily 
enough will remain. 
[0005] 

[Problem(s) to be Solved by the Invention] Then, this invention persons prevent the problem of 
yellowing of the hardening layer produced when additives, such as a stabilizer, are added as much as 
possible. The result zealously examined about the acrylate resin for optical materials which can employ 
efficiently the property which an acrylate resin has by this in the maximum. By suppressing the hue of a 
fluorene hydroxy propylacrylate resin to 300 or less APHA The increase of quantitative degree of 
freedom to which there is little yellowing at the time of a weathering test and a heat-resistant 
examination, and it adds additives, such as a stabilizer, by this. Moreover, when it was the same 
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addition, the grade of yellowing of a hardening layer could be reduced, and it found out that the aery late 
resin for optical materials which can also prevent occurrence of a crack as much as possible was 
moreover obtained, and this invention was completed. 

[0006] Therefore, the purpose of this invention has little yellowing at the time of a weathering test and a 
heat-resistant examination, if the quantitative degree of freedom which adds additives, such as a 
stabilizer, by this is increase and the same addition, it can reduce the grade of yellowing of a hardening 
layer, and it is to offer the acrylate resin for optical materials which can also prevent occurrence of a 
crack as much as possible moreover. 

[0007] Moreover, other purposes of this invention are to offer the coating material for transparent 
plastics protection and the charge of light-filter material which used such an acrylate resin for optical 
materials, and the adhesives for optical materials. 
[0008] 

[Means for Solving the Problem] That is, this invention is the following general formula (1). 
[Formula 3] 



R 0 



OH 



CH2=C-C-0-CH2CHCH 




OH 

I 

O-CHsCHCH.- 



R 0 OH 
I II I 
CH2=C-C-0CH2CHCH2-0 




(1) 



It is the acrylate resin for optical materials which consists of a 300 or less hue APHA [ which is 
expressed with (however, R in a formula shows either a hydrogen atom or a methyl group, and n is the 
integer of 0-20) ] acrylate resin. 

[0009] Moreover, this invention is the coating material for transparent plastics protection and the charge 
of light-filter material which used such an acrylate resin for optical materials, or the adhesives for 
optical materials. 

[0010] In this invention, a 300 or less hue APHA [ which is expressed with a general formula (1) ] 
acrylate resin (it may only be hereafter called a "raw material resin") is manufactured as follows. First, 9 
and 9-screw (4-hydroxyphenyl) fluorene and epichlorohydrin are made to react to the bottom of 
presence of a base catalyst, and it is the foUowing formula (2). 
[0011] 
[Formula 4] 
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0 

/\ 
H2C""CHCH2 




OH 

I 

O-CHzCHCHz- 



n 



0 
/\ 

H2C-CHCH2-O 0- 




(2) 



The diglycidyl ether (a "epoxy compound" is only called hereafter) expressed with (however, n in a 
formula is the integer of 0-20) is compounded. By changing the reaction mole ratio of 9 and 9-screw (4- 
hydroxyphenyl) fluorene and epichlorohydrin in the case of this reaction, several n can be controlled 
repeatedly and the value which is thisn [ several ] repeat can be calculated by GPC measurement. 
[0012] Next, the epoxy compound and the following general formula (3) of a formula (2) which do in 
this way and were obtained 
[Formula 5] 



[S] ID=000006 



The acrylic acid expressed with (however, R in a formula shows either a hydrogen atom or a methyl 
group) (meta) is made to react, and the raw material resin of a general formula (1) is obtained. Here, in 
order to obtain the raw material resin of a 300 or less-APHA hue, in the reaction of the epoxy compound 
of a formula (2), and the acrylic acid (meta) of a general formula (3), it is good to satisfy the following 
conditions. 

[0013] First, it is necessary to use the thing of a 300 or less-APHA hue at least, and the thing of a 200 or 
less-APHA hue is preferably used about the epoxy compound of a formula (2). If the hue of the epoxy 
compound of this formula (2) exceeds APHA300, it will become difficult to make hue APHA of the raw 
material resin generated or less into 300. Moreover, if the hue of the epoxy compound of this formula 
(2) is 200 or less APHA, reaction temperature and the degree of option about reaction time will increase. 

[0014] Moreover, an acrylic acid (meta) is made to react at a rate of the 90- 102 equivalent preferably 
the 90 to 1 10 equivalent to the epoxy-compound 100 equivalent in the reaction of the epoxy compound 
of a formula (2), and the acrylic acid (meta) of a general formula (3). (Meta) If it falls, and the 
crosslinking density at the time of optical hardening when using this thing as a coating agent when there 
was less amount of the acrylic acid used than the 90 equivalents is not desirable and increases more than 
the 1 10 equivalent, an unreacted (meta) acrylic acid will remain and weatherability will fall as a coating 
layer. 

[0015] In the case of this reaction, as occasion demands And 2, 6-G t-butyl-4-hydroxytoluene, 
Polymerization inhibitors, such as the hydroquinone monomethyl ether, t-butyl catechol, and a 
phenothiazin Triethyl benzyl ammoniumchloride, a triethylamine, a benzyl dimethylamine, Methyl 
triethyl ammoniumchloride, a triphenyl phosphine, The catalyst of a tetraethylammonium star's picture 
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etc., and the methyl-cellosolve acetate added if needed for viscous adjustment, Ethylcellosolve acetate, 
butyl-ceilosolve acetate, diethylene-glycol-monoethyl-ether acetate, The solvent with the boiling point 
more than reaction temperature, such as diethylene-glycol v^ood-ether acetate, propylene-glycol- 
monomethyl-ether acetate, and gamma-butyrolactone, is added. 

[0016] Here, the amount of the polymerization inhibitor used is less than 0.5 % of the weight preferably 
1 or less % of the weight to reaction raw material mixture, the amount of the catalyst used is 0.001 - 3 % 
of the weight preferably 0.001 to 5% of the weight to reaction raw material mixture, and the amount of 
the solvent used is 5 - 200 % of the weight preferably five to 500% of the weight to reaction raw 
material mixture. If the amount of the polymerization inhibitor used exceeds 1 % of the weight, when it 
uses as a coating agent, the crosslinking density of the paint film at the time of hardening will not go up, 
but problems, such as a shortage of a degree of hardness and poor adhesion, will arise. Moreover, if the 
amount of the catalyst used is less than 0.001 % of the weight, the problem that a gelation object is 
generated in the system of reaction will arise. Furthermore, although it is effective in the viscous fall at 
the time of a reaction, if 500 % of the weight is exceeded and it adds, it becomes long and is not 
desirable [ adding a solvent 5% of the weight or more / reaction time ]. 

[0017] Moreover, 90-130 degrees C of reaction temperature are usually 95-125 degrees C preferably, 
and the reaction time of the reaction condition of these epoxy compounds and an acrylic acid (meta) is 
usually 4-18 hours preferably for 3 to 24 hours. If it will be necessary to use the epoxy resin of a 200 or 
less hue APHA formula (2) at least in order to obtain a 300 or less hue APHA raw material resin, if 
reaction temperature exceeds 130 degrees C and/or reaction time exceeds 24 hours, reaction time will 
become extremely long too much on the contrary if reaction temperature is less than 90 degrees C, and 
reaction time is less than 3 hours, it will be necessary to make reaction temperature high, and is not 
desirable. Furthermore, it is good to carry out, usually blowing a dry air into the system of reaction, in 
order to suppress the polymerization of the double bond section. 

[001 8] By the way, in order for a hue to obtain the epoxy compound of the formula (2) which is 200 or 
less APHA preferably 300 or less APHA, a hue needs to use a 200 or less-APHA thing about the screw 
(hydroxy phenyl) fluorene which is the manufacture raw material. If the hue of the screw 
(hydroxyphenyl) fluorene of this manufacture raw material exceeds APHA200, it will become difficult 
to obtain a 300 or less hue APHA epoxy compound, in addition, the full which is a kind of the 
manufacture raw material in order to obtain a 200 or less hue APHA [ such ] screw (hydroxyphenyl) 
fluorene ~ me ~ non, it is necessary to use the bisphenol refined and recrystallized using what was alike, 
stuck, carried out distillation refining, and made the alkali of an oxidation catalyst, and the content of 
heavy metal less than 1 % of the weight ****, or as a bisphenol of a manufacture raw material 
[0019] Furthermore, 300 or less hue APHA, in order to obtain the epoxy compound of a 200 or less- 
APHA formula (2) preferably It is necessary to stop the residual fluorene in the screw (hydroxyphenyl) 
fluorene of a manufacture raw material to less than 1% of the weight and also, and The inside of the 
system of reaction is replaced by inert gas, such as nitrogen, in the case of a glycidyl ether-ized reaction, 
remove oxygen or It is good to perform elimination operation of residual epichlorohydrin performed 
after a glycidyl ether-ized reaction below 150 degrees C, or to perform temperature in the case of 
desolventization-izing of a culmination below 1 80 degrees C further. 

[0020] Thus, the adhesives for the coating material for transparent plastics protection, the charge of 
light-filter material, or optical materials explained below are prepared by blending a polymerization 
initiator with the aery late resin for optical materials which consists of a 300 or less hue APHA [ which 
was obtained ] fluorene hydroxy propylacrylate resin at least. 

[0021] First, about the coating material for transparent plastics protection, a polymerization initiator is 
blended with the acrylate resin for optical materials of the above-mentioned this invention as an 
indispensable component, and the reactant diluent for the cross linking agent for degree-of-hardness 
grant or the enhancement in adhesion and viscosity control, a leveling agent, etc. are added further if 
needed. 

[0022] Here, a photopolymerization initiator and a thermal polymerization initiator are mentioned as a 
polymerization initiator used when preparing such a coating material for transparent plastics protection. 
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As a photopolymerization initiator, specifically A benzophenone, 2, and 2-dimethoxy-2-phenyl 
acetophenone, A 2 and 2-diethoxy-2-phenyl acetophenone, 2-ethyl anthraquinone, 2, 4-diethyl thioxan 
ton, a diisopropyl thioxan ton, A benzyl dimethyl ketal, a 2-hydroxy cyclohexyl phenyl ketone, 2- 
hydroxy -2-methyl-l -phenyl propane- 1 -ON, 2-methyl-l-[- (methylthio) 4 Phenyl]-2-morpholino- 
propane-1 -ON, etc. are mentioned. 

[0023] As a thermal polymerization initiator, a well-knovm peroxide system initiator and an azobis 
system initiator can be used, moreover, as a peroxide system initiator Specifically Methyl ethyl ketone 
peroxide, methyl-isobutyl-ketone peroxide, Cyclohexanon peroxide, methylcyclohexane ketone 
peroxide. The thing of ketone peroxide systems, such as acetylacetone peroxide Isobutyl peroxide, m- 
****** benzoyl peroxide, 2, 4-dichlorobenzoyl peroxide, alpha-methyl benzoyl peroxide, Screw - The 
thing of diacyl peroxide systems, such as 3, 5, and 5-trimethylhexanoyl peroxide 2, 4, and 4-trimethyl 
pentyl-2-hydroperoxide, diisopropylbenzene hydroperoxide. The thing of hydroperoxide systems, such 
as a cumene hydroperoxide and t-butyl hydroperoxide Dicumyl peroxide, 2, the 5-dimethyl -2, 5-di-tert- 
butyl peroxide hexane, The thing of dialkyl peroxide systems, such as 1, 3 -screw (t-butyl ******** 
seesaw propyl) benzene, and t-butyl cumyl peroxide 1 and 1-G tert-butyl peroxide - 3, 3, a 5-trimethyl 
cyclohexane. The thing of peroxy ketal systems, such as 2 and 2-G (tert-butyl peroxide) butane, 4, and 
4-G tert-butyl peroxide valeric-acid-n-butyl ester 2, 4, and 4.****************** peroxy phenoxy 
acetate, Alpha-cumilperoxy neodecanoate, t-butyl par oxybenzoate. The thing of alkyl par ester systems, 
such as a G t-butyl par ******************** peat Gt-******** butylperoxy dicarbonate, di-2- 
ethylhexylperoxycarbonate. Screw (4-t-butyl cyclohexyl) peroxi dicarbonate, The thing of par carbonate 
systems, such as diisopropyl peroxi dicarbonate Things, such as other acetyl cyclohexyl sulfonyl peroxi 
dicarbonate and t-butyl ******** sialyl carbonate, are mentioned, as an azobis system initiator 
Specifically A 1 and T-azobis cyclohexane- 1-carbonitrile, - azobis - (2,4-dimethylvaleronitrile), and 2 
and 2 '2, 2'-azobis - (4-methoxy-2,4-dimethylvaleronitrile), - azobis - (isobutyronitrile), and 2 and 2'- 
azobis - (methyl iso butyrate), alpha, and alpha'4, 4'-azobis - (4-cyano ******** acid) etc. is mentioned. 
[0024] The either can be independently used for these photopolymerization initiators or a thermal 
polymerization initiator, and also they can also be used as two or more sorts of mixture, the amount used 
As opposed to total section of 100 weight of the aery late resin for optical materials shown by the general 
formula (1) and the poly functional aery late compound of polymerization nature mentioned later, and a 
reactant diluent the former photopolymerization initiator - 0.1 - 30 weight section - it is below 20 
weight section preferably, and the latter thermal polymerization initiator is 0.1 - 10 weight section There 
is a possibility that a rate of polymerization may become slow and it may become insufficient hardening 
it if a combination domain is less than this domain, and on the contrary, if it exceeds this domain, it will 
become the cause of the adhesion fail to the shortage of thermal resistance and substratum by molecular 
weight fall of a hardened material. 

[0025] moreover, about the cross linking agent added if needed Tris (********** ethyl) isocyanurate 
(**** synthesis company make : M3 15), ******** ERIS ************ (meta) acrylate, 
dipentaerythritol tetrapod (meta) acrylate, Dipentaerythritol ****** (meta) acrylate, dipentaerythritol 
hexa (meta) acrylate, ********** ERIS ************ (meta) acrylate, tripentaerythritol tetrapod 
(meta) acrylate, 3 functionality cross linking agents, such as tripentaerythritol ****** (meta) acrylate 
and tripentaerythritol hexa (meta) acrylate, are mentioned, these may use only one sort independently, 
and also they may use two or more sorts together. Although the blending ratio of coal of this cross 
linking agent is based on the performances made into the purpose, such as intended use and a degree of 
hardness, it is usually 20 - 90 % of the weight among the polymerization nature resinous principles in a 
resin constituent (a content, a bulking agent, a solvent, and a polymerization initiator are removed). 
[0026] Furthermore, about the reactant diluent added if needed, ethylene glycol dimethacrylate 
(EGDM), isobornyl acrylate (:IB[ by the Kyoeisha chemistry company ]- XA), N-vinyl pyrrolidone, 
tetrahydrofurfuryl acrylate (:THF[ by the Kyoeisha chemistry company ]-A), caprolactone denaturation 
tetrahydrofurfuryl acrylate, etc. are mentioned, these may use only one sort independently, and also they 
may use two or more sorts together, for example. Although the blending ratio of coal of this reactant 
diluent is based on the proper viscosity by the applying method, it is used at less than 80 % of the weight 
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in a polymerization nature resinous principle. 

[0027] It is useful for the intended use of transparent plastics optical materials, such as a lens. Light 
Emitting Diode, a plastics film, a substrate, and an optical disk, for example, applies to a front face by 
the spin coat method, and using a hot plate, oven, an infrared heating furnace, etc., it heats, and it is 
stiffened [ using low voltage or a high pressure mercury vapor lamp, a xenon LGT, etc. the coating 
material for transparent plastics protection of this invention irradiates ultraviolet rays, stiffens them, or ], 
and makes a coating layer form in front faces, such as 

[0028] Moreover, about the charge of light-filter material, the polymerization initiator same as an 
indispensable component as the above is blended with the acrylate resin for optical materials of the 
above-mentioned this invention. The need is embraced. Furthermore, an anthraquinone system pigment, 
a perylene system pigment, a******** system pigment, An iso indoline system pigment, a 
halogenation phthalocyanine system pigment, carbon. Pigments, such as titanium carbon and an iron 
oxide, and a phenol novolak type epoxy resin, A cresol novolak type epoxy resin, a tris phenol methane 
system epoxy resin. Other epoxy resins, such as a bisphenol A type epoxy resin and a bisphenol female 
mold epoxy resin Furthermore, the epoxy (meta) acrylate which these epoxy resins and an acrylic acid 
(meta) are made to react, and is obtained, Macromolecule unsaturation machine inclusion resins, such as 
a resultant which this epoxy (meta) acrylate, the aforementioned polybasicity carboxylic acid, or its 
anhydride is made to react, and is obtained 2-hydroxyethyl (meta) acrylate, benzyl acrylate, 
Dipentaerythritol hexaacrylate, ******** roll pro pantry (meta) acrylate. The single organic functions 
and polyfunctional (meta) acrylic esters in which a polymerization is possible, such as pen 
:tc^^>ic^,i:>ic^^^>tcHc>»:}ic}H>H4c*Hc>f: (^j^g^^) acrylatc and diethylene-glycol (meta) acrylate 2-methyl mentioned 
above - Photopolymerization initiators, such as l-[- (methylthio) 4 Phenyl] -2-morpholino propane- 1 -ON 
Peroxides, such as isobutyl peroxide, N and N-dimethylamino ethyl-benzoate ester, Photosensitizers, 
such as N and N-dimethylamino isoamyl-benzoate ester, a triethanolamine, and a triethylamine, and the 
additive for light filters with a silane coupling agent, a light stabilizer, an antioxidant, etc. well-known in 
addition to this are added. 

[0029] The charge of light-filter material of this invention can be used as a resin constituent for the 
protective coats of a light filter, without adding a pigment, and also it can add a pigment and it can also 
be used for it as ink of a light filter. And the resin constituent for protective coats and ink for these light 
filters can be used conventionally like the well-known resin constituent for protective coats and well- 
known ink, and can form a protective coat and a detailed pattern excellent in thermal resistance and flat 
nature. 

[0030] Furthermore, about the adhesives for optical materials, the solvent for the silane coupling agent 
which gives the adhesion with the reactant diluent and glass substrate which add the polymerization 
initiator same as an indispensable component as the above, and give adhesion and toughness further if 
needed at the acrylate resin for optical materials of this invention, and viscosity control, a sensitizer, etc. 
are added. 

[003 1] As a reactant diluent added in these adhesives for optical materials if needed 2-hydroxyethyl 
acrylate (HEA), 2-hydroxyethyl methacrylate (HEMA), Tetrahydrofiirfuryl (meta) acrylate, isobomyl 
(meta) acrylate, The thing aiming at adhesion grant and viscous adjustment of N-vinyl pyrrolidone etc.. 
The thing aiming at toughness grant of triethylene glycol diacrylate (3 EGA), urethane acrylate, ester 
acrylate, epoxy acrylate, etc. can be mentioned, these may use only one sort independently, and also 
they may use two or more sorts together. The blending ratio of coal of this reactant diluent is usually 10 
- 80% of the weight of a domain preferably five to 95% of the weight, 

[0032] Moreover, as a silane coupling agent which gives the adhesion with a glass substrate, gamma- 
(meta) ****** yloxy propyl trimethoxysilane (gamma- aSi), gamma-************ propyl 
trimethoxysilane (gamma-Ep), gamma-mercapto propyl triethoxysilane, gamma-aminopropyl 
triethoxy silane, etc. can be mentioned, these may use only one sort independently, and also they may 
use two or more sorts together. The blending ratio of coal of these silane coupling agents is usually 0.1 - 
5% of the weight of a domain preferably 0.1 to 10% of the weight to a polymerization nature pitch total 
amount. 
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[0033] furthermore, as a solvent as a viscous regulator added if needed 



Since it became timeout time, translation result display processing is stopped. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. ^ 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The following general formula (1) 
[Formula 1] 

R 0 OH 



CH2=C-C-0-CH.CHCH 




OH 

I 

O-CHzCHCH^- 



R 0 OH 
I II I 
CH2=C-C-0CH2CHCH2-0 




(1) 



It is the acrylate resin for optical materials characterized by consisting of a 300 or less hue APHA 
[ which IS expressed with (however, R in a formula shows either a hydrogen atom or a methyl group 
and n is the integer of 0-20) ] acrylate resin. 

[Claim 2] An acrylate resin is the 200 or less hue APHA following general formula (2) 
[Formula 2] 
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HzC-CHCHj-O 0 



OH 
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U-CHgCHCHg- 




P 






n 




(2) 



It is the acrylate resin for optical materials according to claim 1 which the diglycidyl ether and the 
acrylic acid (meta) which are expressed with (however, n in a formula is the integer of 0-20) are made to 
react, and is obtained. 

[Claim 3] The coating material for transparent plastics protection characterized by including the acrylate 
resin for optical materials and a polymerization initiator according to claim 1 or 2 as an indispensable 
component. 

[Claim 4] The charge of light-filter material characterized by including a pigment as an indispensable 
component if needed, mcludmg the acrylate resin for optical materials and a polymerization initiator 
according to claim 1 or 2. 

[Claim 5] Adhesives for optical materials characterized by including the acrylate resin for optical 
materials and a polymerization initiator according to claim 1 or 2 as an indispensable component. 



[Translation done.] 
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Claims 

1 . A type of acrylate resin for optical material characterized by the fact that it is made of 
acrylate resin represented by the following formula (1): 



* [Numbers in the margin indicate pagination in the foreign text.] 



[Structure 1] 



. R 0 OH 

I II I 

CH2=C-C-0-CH2CHCH^ 



OH 
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CH2=C-C-0CHjCHCH,-0 0- 




n 



(1) 



(Where R represents an hydrogen atom or methyl group, and n is an integer in the range of 0-20) 
and having hue APHA of 300 or lower. 

2. The acrylate resin for optical material described in Claim 1 , characterized by the fact 
that the acrylate resin having hue APHA of 200 or less is prepared in a reaction between 
diglycidyl ether represented by the following formula (2) 



[Structure 2] 
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(2) 



(Where n is an integer in the range of 0-20) 
and (meth)acrylic acid. 



3. A type of coating material for protecting transparent plastics characterized by the fact 
that it contains as necessary components the acrylate resin for optical material described in Claim 
1 or 2, and a polymerization initiator. 

4. A type of material for color filter characterized by the fact that it contains as necessary 
components the acrylate resin represented in Claim 1 or 2 and a polymerization initiator, and, as 
needed, it also contains a pigment. 

5. A type of adhesive for optical material characterized by the fact that it contains as 
necessary components the acrylate resin described in Claim 1 or 2 and a polymerization initiator. 

Detailed explanation of the invention 
[0001] 

Technical field of the invention 

This invention pertains to a type of acrylate resin for optical material, which not only has 
excellent transparency when a coating film is formed, but also has excellent properties, such as 
hardness, weatherability, heat resistance, adhesion property, etc., and a type of optical material 
made of said acrylate resin. 



In the prior art, acrylate resins mainly made of fluorene hydroxypropyl acrylate resin 
have been proposed as protective coating materials for protecting surfaces of lenses, LED, plastic 
films, substrates, optical disks, and other transparent plastic optical materials, or as an optical 
adhesive, or for forming cured films as color filters for liquid crystal display devices, image 
pickup elements, etc., and other electronic materials (see: Japanese Kokai Patent Application 



Nos. Hei 3[1991]-106918, Hei 3[1991]-205417, Hei 5[1993]-194338, Hei 4[1992]-351674, Hei 
4[1992]-345608, and Hei 4[1992]-337307). 



Said acrylate resin has excellent properties. For the cured films prepared from it, not only 
are the heat resistance and moisture resistance high, but they also have low curing shrinkage, 
pencil hardness, chemical resistance, electrolysis corrosion resistance, electrical insulating 
property, scratch resistance, and adhesion to glass or other substrate. Said resin is thus expected 
to find iiRP in making prnf^r.ti ye films, etc.. Widely used in optical materials and electroni c 




[0002] 



Prior art 



[0003] 




materials. 



[0004] 

However, the aery late resin has some problem s. Iri order to improve the weatherability 
and heat resistance when the acrylate resin is used as a protect ive coating materi al for protec ting 
s urfaces of lense s, LED, optical disks, and other optical materials, or as an optical adhesive, or 
for forming color filters, etc., a UV absorbent, optical stabilizer, oxidation inhibitor, thermal 
polymerization inhibitor, and other additives are adde d. In this case, yellowing occurs in the 
cured films formed and used in weatherabiHty tests and heat resistance tests, so that it may be 
impossible to use them as protective coating materials, adhesive of optical materials, or color 
filters. When the amounts of said additives are reduced to prevent said problem, weatherability 
and heat resistance may become insufficient. This is also undesired. 

[0005] 

Problems to be solved by the invention 

In order to solve the aforementioned problems, the present inventors have performed 
extensive research on development of acrylate resin for optical material that can prevent as much 
as possible the problem of yellowing of the cured film that would otherwise take place when a 
stabilizer and other additives are added, so that the characteristics of the acrylate resin can be 
fully displayed. As a result of this research, it was found that when the hue APHA of 
fluorenehydroxypropyl acrylate resin is controlled to 300 or lower, yellowing during tests of 
weatherability and heat resistance becomes less significant. As a result, the freedom of choice of 
the amounts of stabilizer and other additives is increased, and the degree of yellowing of the 
cured film can be reduced for the same amounts of addition. Also, formation of cracks can be 
prevented for the obtained acrylate resin for optical material. As a result, this invention was 
reached. 

[0006] 

Consequently, the purpose of this invention is to provide a type of acrylate resin for 
optical material, for which yellowing during tests of weatherability and heat resistance becomes 
less significant, the fi-eedom of choice the amounts of stabilizer and other additives is increased, 
the degree of yellowing of the cured fibn can be reduced for the same amounts of addition, and 
formation of cracks can be prevented. 

[0007] 

Another purpose of this invention is to provide a type of coating material that makes use 
of said acrylate resin for optical material and acts to protect transparent plastics, as well as a type 
of material for color filters, and a type of adhesive for optical material. 
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[0008] 

Means to solve the problems 

That is, this invention provides a type of acrylate resin for optical material characterized 
by the fact that it is made of an acrylate resin represented by the following formula (1): 



[Structure 3] 
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(1) 



(Where R represents a hydrogen atom or methyl group, and n is an integer in the range of 0-20) 
and having hue APHA of 300 or lower. 

[0009] 

Also, this invention provides a type of coating material for protecting transparent plastics, 
a type of material for color filters, and a type of adhesive for optical material, which are made of 
said acrylate resin for optical material. 



[0010] 

According to this invention, the acrylate resin represented by formula (1) and having hue 
APHA of 300 or lower (hereinafter referred to as "feed resin") is prepared as follows: first of all, 
in the presence of a basic catalyst, a reaction is performed between 
9,9-bis(4-hydroxyphenyl)fluorene and epichlorohydrin to form diglycidyl ether (hereinafter 
referred to as "epoxy compound") represented by the following formula (2): 



[0011] 
[Structure 4] 
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/\ 

H2C-CHCH2-O 0 




(Where n is an integer in the range of 0-20). 

During this reaction, n can be controlled by changing the reaction molar ratio of 
9,9-bis(4-hydroxyphenyl)fluorene to epichlorohydrin. The value of said repeating number n can 
be determined by GPC measurement. 

[0012] 

Then, the epoxy compound represented by formula (2) obtained above is reacted with 
(meth)acrylic acid represented by formula (3): 

[Structure 5] 

R 

CH.-C-COOH C3) 

(Where R represents a hydrogen atom or methyl group) to form the feed resin represented by 
formula (1). In this case, in order to obtain the feed resin with hue APHA of 300 or lower, in the 
reaction between the epoxy compound represented by formula (2) and (meth)acrylic acid 
represented by formula (3), the following condition should be met. 



[0013] 

First of all, for the epoxy compound represented by formula (2), it is necessary for it to 
have hue APHA of 300 or lower, or preferably 200 or lower. If the hue APHA of the epoxy 
compound represented by formula (2) is over 300, it is difficult to have the hue APHA of 300 or 
lower in the feed resin formed. Also, when the hue APHA of the epoxy compound represented 
by formula (2) is 200 or lower, it is possible to increase the freedom of choice in selecting the 
reaction temperature and reaction time. 

[0014] 

In the reaction between the epoxy compound represented by formula (2) and 
(meth)acryhc acid represented by formula (3), with respect to 100 Eq of the epoxy compound, 
the amount of (meth)acryhc acid should be in the range of 90-1 10 Eq, or preferably in the range 
of 90-102 Eq. If the amount of (meth)acrylic acid is smaller than 90 Eq, when the obtained 
product is used as a coating agent, the crossHnking density during photocuring decreases, and 
this is undesired. On the other hand, if it is larger than 1 10 Eq, unreacted (meth)acryHc acid is 
left, leading to poor weatherability. 

[0015] 

In this reaction, as needed, one may add various additives, such as 
2,6-di-t-butyl-4-hydroxytoluene, hydroquinone monom ethyl ether, t-butyl catechol, 
phenothiazine, and other polymerization inhibitors, toluene benzylammonium chloride, 
triethylamine, benzyldimethylamine, methyltriethylammonium chloride, triphenyl phosphine, 
tetraethylammonium bromide, and other catalysts, as well as the following solvents with boiling 
points higher than the reaction temperature added for viscosity adjustment: methylcellosolve 
acetate, ethyl Cellosolve acetate, butyl Cellosolve acetate, diethylene glycol monoethyl ether 
acetate, diethylene glycol dimethyl ether acetate, propylene glycol monomethyl ether acetate, 
y-butyrolactone, etc. 

[0016] 

In this case, the amount of the polymerization inhibitor with respect to the reaction feed 
mixture should be 1 wt% or less, or preferably 0.5 wt% or less. The amount of the catalyst with 
respect to the reaction feed mixture should be in the range of 0.001-5 wt%, or preferably in the 
range of 0.001-3 wt%. The amount of the solvent with respect to the reaction feed mixture 
should be in the range of 5-500 wt%, or preferably in the range of 5-200 wt%. If the amount of 
the polymerization inhibitor is over 1 wt%, when the product is used as a coating agent, while 
the crosslinking density rises for the cured coating film, problems such as insufficient hardness, 
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insufficient adhesion, etc., occur. If the amount of the catalyst is less than 0.001 wt%, gelled 
substances are generated in the reaction system, and this is undesired. An amount of solvent 
more than 5 wt% is effective in lowering the viscosity in the reaction. However, if the amount is 
over 500 wt%, the reaction time will become too long. This is undesired. 

[0017] 

Conditions for the reaction between said epoxy compoimd and (meth)acrylic acid are as 
follows. The reaction temperature should be in the range of 90-130°C, or preferably in the range 
of 95-125°C, and the reaction time should be in the range of 3-24 h, or preferably in the range of 
4-18 h. If the reaction temperature is higher than 130°C and/or the reaction time is longer than 24 
h, in order to obtain a feed resin with hue APHA of 300 or lower, it is necessary to use an epoxy 
resin represented by formula (2) with hue APHA of 200 or lower. On the other hand, if the 
reaction temperature is lower than 90°C, the reaction time becomes very long. If the reaction 
time is shorter than 3 h, it is necessary to raise the reaction temperature, and this is undesired. In 
addition, in order to suppress polymerization in the double bond portion, usually, dry air is blovm 
into the reaction system while the [reaction] is performed. 

[0018] 

In order to obtain an epoxy compound represented by formula (2) with hue APHA of 300 
or lower, or preferably with hue APHA of 200 or lower, for bis(hydroxyphenyl)fluorene used as 
manufacturing feed material, the hue APHA has to be 200 or lower. If the hue APHA of 15 
bis(hydroxyphenyl)fluorene as manufacturing feed material is over 200, it becomes difficult to 
obtain the desired epoxy compound with hue APHA of 300 or lower. Also, in order to obtain 
said bis(hydroxyphenyl)fluorene with hue APHA of 200 or lower, it is necessary to distill and 
purify the fluorene, a manufacturing feed material, so contents of alkali and heavy metals in the 
oxidation catalyst will be less than 1 wt%, or to make use of bisphenol prepared by purification 
and recrystallization as bisphenol, a manufacturing feed material. 

[0019] 

In addition, in order to obtain the epoxy compound represented by the following formula 
(2) with hue APHA of 300 or lower, or preferably hue APHA of 200 or lower, it is necessary to 
suppress the amount of flurorene left in the bis(hydroxyphenyl)fIuorene as a manufacturing feed 
material to less than 1 wt%. In addition, during glycidyl etheriation, one should use nitrogen or 
other inert gas to replace the interior of the reaction system so as to remove oxygen fi-om the 
reaction system, and one should perform the operation for removing the residual epichlorohydrin 



after glycidyl etherization at 150°C or lower temperature, and perform removal of solvent in the 
last step at 180°C or lower temperature. 

[0020] 

By adding at least a polymerization initiator to the acrylate resin for optical material 
made of fluorene hydroxypropyl acrylate resin with hue APHA of 300 or lower, one can obtain a 
coating material for protecting transparent plastic s, a material for color filters, or an adhesive for 
optical material, to be explained below. 

[0021] 

First of all, in order to prepare a coating material for protecting transparent plastics, one 
should add a polymerization initiator as a necessary component to said acrylate resin for optical 
material of this invention. In addition, as needed, one may add crosslinking agents for improving 
hardness and adhesion property, reactive diluting agent, leveling agent, etc., for adjusting 
viscosity, etc. 

[0022] 

Types of polymerization initiators for preparing coating material for protecting 
transparent plastics include photopolymerization initiators and thermal polymerization initiators. 
Specific examples of photopolymerization initiators include benzophenone, 
2,2-dimethoxy-2-phenyl acetophenone, 2,2-diethoxy-2 -phenyl acetophenone, 2-ethyl 
anthraquinone, 2,4-diethylthioxanthone, diisopropyl thioxanthone, benzyl dimethyl ketal, 
2-hydroxycyclohexy Ipheny 1 ketone, 2-hydroxy-2-methy 1- 1 -phenylpropan- 1 -one, 
2-methyl-l -[4-(methylthio)phenyl]-2-morpholinopropanel -one, etc. 

[0023] 

Types of thermal polymerization initiators include the conventional peroxide-based 
initiators and azobis based initiators. Specific examples of the -based initiators include methyl 
ethyl ketone peroxide, methyl isobutyl ketone peroxide, cyclohexanone peroxide, 
methylcyclohexane ketone peroxide, acetylacetone peroxide, and other ketone peroxides, 
isobutyl peroxide, m-chlorobenzoyl peroxide, 2,4-dichlorobenzoyl peroxide, a-methylbenzoyl 
peroxide, bis-3,5,5-trimethylhexanoyl peroxide, and other diacyl peroxides, 
2,4,4-trimethylpentyl-2-hydroperoxide, diisopropyl benzene hydroperoxide, cumene 
hydroperoxide, t-butyl hydroperoxide, and other hydroperoxides, dicumyl peroxide, 
2,5-dimethyl-2,5-di(t-butylperoxy)hexane, 1 ,3-bis(t-butylperoxyisopropyl)benzene, t-butylcumyl 
peroxide, and other dialyl peroxides, l,l-di-t-butylperoxy-3,3,5-trimethylcyclohexane. 



2,2-di-(t-butylperoxy)butane, 4,4-di-t-butylperoxyvaleric acid n-butyl ester, and other peroxy 
ketals, 2,4,4-trimethylbenzylperoxyphenoxyacetate, a-cumylperoxyneodecanoate, 
t-butylperoxybenzoate, di-t-butylperoxymethylaodipate, and other alkyl peresters, di-t-methoxy 
butylperoxydicarbonate, di-2-ethylhexylperoxydicarbonate, 
bis(4-t-butylcyclohexyl)peroxycarbonate, diisopropylperoxydicarbonate, and other 
percarbonates, as well as acetylcyclohexylsulfonylperoxydicarbonate, t-butylperoxyallyl 
carbonate, etc. Specific examples of azobis-based initiators include 
1 ,1 '-azobiscyclohexane-1 -carbonitrile, 2,2'-azobis(2,4-dimethylvaleronitrile), 
2,2'-azobis(4-niethoxy-2,4-dimethylvaleronitrile), 2,2'-azobis(methylisobutyrate), 
a,a'-azobis(isobutyronitrile, 4,4'-azobis(4-cyanovaleric acid, etc. 

[0024] 

These photopolymerization initiators and thermal polymerization initiators may be used 
either alone or as a mixture of several. As far as their amounts used with respect to 100 parts by 
weight of the total amount of the aery late resin for optical material represented by formula (1), 
the polymeric polyfunctional acrylate compound and the reactive solvent to be explained later 
are concemed, the former, that is, the photopolymerization initiator, should be in the range of 
0.1-30 parts by weight, or preferably 20 parts by weight or less, and the later, that is, the thermal 
polymerization initiator, should be in the range of 0.1-10 parts by weight. If the amount is less 
than the aforementioned range, the polymerization rate will fall, and curing may become 
insufficient. On the other hand, if the amount is over the aforementioned range, the molecular 
weight of the cured product will decrease, thus the heat resistance will become insufficient, and 
adhesion to the substrate will become poor. 



[0025] 

Examples of crosslinking agents that may be added as needed include the following 
trifimctional crosslinking agents: tris(acroxy [transliteration] ethyl)isocyanate (M315, product of 
Toa Gosei K.K.), dipentaerythritol tri(meth)acrylate, dipentaerythritol tetra(meth)acrylate, 
dipentaerythritol penta(meth)acrylate, dipentaerythritol hexa(meth)acrylate, tripentaerythritol 
tri(meth)acrylate, tripentaerythritol tetra(meth)acrylate, tripentaerythritol penta(meth)acrylate, 
tripentaerythritol hexa(meth)acrylate, etc. They may be used either alone or as a mixture of 
several. The proportion of the crosslinking agent depends on the desired application, hardness, 
other properties, etc. Usually, among the polymeric resin components (excluding contents [sic], 
filler, solvent, and polymerization initiator) in the resin composition, the proportion should be in 
the range of 20-90 wt%. 
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[0026] 

Examples of the react ivf^ diluting Qg^ntc that may be added as needed include ethylene 
glycol dimethacrylate (EGDM), isobomyl acrylate (IB-XA, product of Kyoei Kagaku K.K.), 
N-vinylpyrrolione, tetrahydrofurfuryl acrylate (THF-A, product of Kyoei Kagaku K.K.), 
caprolactone-modified tetrahydrofurfuryl acrylate, etc. They may be used either alone or as a 
mixture of several. The proportion of the reactive diluting agent added depends on the 
appropriate viscosity needed for the coating method. Usually, its proportion should be less than 
80 wt%. 

[0027] 

Examples of applications of the transparent plastics protected with the coating material 
include lenses, LED, plastic films, substrates, optical disks, and other transparent plastic optical 
materials. For example, it may be coated on the surface using the spin coating method, followed 
by curing imder irradiation with UV light emitted from a high-pressure mercury lamp, xenon 
lamp, or the like, or curing by heating using a hot plate, oven, IR heating oven, or the like, to 
form a coating film on the surface of the optical material or the like. 

[0028] 

For the material to be used as a color filter, the same polymerization initiator as that 
added to the acrylate resin for optical material of this invention is also added here as a necessary 
component. In addition, as needed, it is possible to add the following additives: 
anthraquinone-based pigments, perylene-based pigments, disazo-based pigments, 
isoindoline-based pigments, halogenated phthalocyanine-based pigments, carbon, titaniimi 
carbon, iron oxide, and other pigments, phenol-novolak epoxy resin, cresol-novolak epoxy resin, 
trisphenolmethane-based epoxy resin, bisphenol A epoxy resin, bisphenol F epoxy resin, and 
other epoxy resins, as well as epoxy (meth)acrylates obtained in reaction between said epoxy 
resin and (meth)acrylic acid, product of reaction between said epoxy (meth)acrylate and said 
polybasic carboxylic acid or its anhydrides, and other resins containing polymeric uusaturated 
groups, 2-hydroxyethyl (meth)acrylate, benzyl acrylate, dipentaerythritol hexcrylate, 
trimethylolpropane tri(meth)acrylate, pentaerythritol tri(meth)acrylate, diethylene glycol 
(meth)acrylate, and other polymerizable monofunctional and polyfunctional (meth)acrylic esters, 
said 2-methyl-l-[4-(methylthio)phenyl]-2-morpholinopropan-l-one, and other 
photopolymerization initiators, isobutyl peroxide, and other peroxides, 
N,N-dimethylaminobenzoic acid ethyl ester, N,N-dimethylaminobenzoic acid isoamyl ester, 
triethanolamine, triethylamine, and other photosensitizers, as well as silane coupling agents, 
photostabiHzers, oxidation inhibitors, and other conventional additives for color filters. 
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[0029] 

The material for color filters of this invention can be used directly without adding a 
pigment as a resin composition for protective film of color filters. Also, after adding a pigment, it 
may be used as an ink for color filters. The resin composition for protective film and ink for 
color filters may be used in the same way as the conventional resin composition for protective 
film and ink. They can form protective films and fine patterns with high heat resistance and 
excellent flatness. 

[0030] 

In addition, for obtaining an adhesive for optical material, the acrylate resin for optical 
material of this invention is doped with the same polymerization initiator as above as a necessary 
component, as well as other additives added as needed, such as a reactive diluting agent that 
provi des good adhesion nrpperty and tenacity, silane coupling agent for good adhesion with a 
glass substrate, solvent for adjusting viscosity, sensitizing agent, etc. 

[0031] 

Examples of the reactive diluting agents added as needed in the adhesive for optical 
material include 2-hydroxyethyl acrylate (HEA), 2-hydroxyethyl methacrylate (HEMA), 
tetrahydrofiirfiiryl (meth)acrylate, isobomyl (meth)acrylate, N-vinylpyrrolidone, etc., for 
realizing good adhesion property md for adjusting viscosity , triethylene glycol diacrylate 
1 (3EGA), urethane acrylate , ester acrylate, epoxy acrylate, etc., for improving; tenacity, et c. They 
I may be used either alone or as a mixture of several. The proportion of the reactive diluting agents 
\ should be in the range of 5-95 wt%, or preferably in the range of 10-80 wt%. 

[0032] 

Examples of the silane coupling agents for improving adhesion with glass substrate 
include Y-(meth)acryloyloxypropyltrimethoxysilane (y-aSi), y-glycyloxypropyltrimethoxysilane 
(y-Ep), y-mercaptopropyltriethoxysilane, y-aminopropyltriethoxysilane, etc. They may be used 
either alone or as a mixture of several. The proportion of these silane coupling agents with /7 
respect to the total amount of the polymeric resin component should be in the range of 0.1-10 
wt%, or preferably in the range of 0.1-5 wt%. 

[0033] 

Examples of solvents that may be added as viscosity adjusting agent as needed include 
ethyl Cellosolve acetate (EGA), propylene glycol monomethyl ether acetate (PGMEA), butyl 
acetate, and other ester-based solvents, cyclohexane, diisobutyl ketone, and other ketone-based 
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solvents, diethylene glycol dimethyl ether, and other ether-based solvents, toluene, xylene, and 
other aromatic hydrocarbon-based solvents, isopropanol, and other alcohol-based solvents, etc. 
They may be used either alone or as a mixture of several. The proportion of the solvents added 
with respect to 100 parts by weight of the polymer resin component should be in the range of 
10-400 parts by weight, or preferably in the range of 10-200 parts by weight. It is preferred that 
said solvents be removed from the coating film by means of drying or the like after coating and 
before laminating. 

[0034] 

For the aforementio ned coatin g material for transparent plastics , material for color filter, 
and adhesive for optical material, when they are actually used as optical materials, in order to 
improve the weatherability and heat resistance, one may add one or several additives selected 
from UV absorbent, optical stabilizer, oxidation inhibitor, thermal polymerization inhibitor, etc. 

[0035] 

There is no special limitation on the type of UV absorbent used for this purpose. Any UV 
absorbent that can be homogeneously dispersed in the acrylate resin composition for optical 
material and can effectively improve weatherability and prevent cracks from occurring may be 
used, such as benzophenone-based compounds, benzotriazole-based compounds, phenyl 
salicylate-based compounds, phenyl benzoate-based compounds, cyanoacrylate-based 
compounds, etc. In particular, compounds with a maximum absorption wavelength in the range 
of 240-380 nm are preferred for use. 

[0036] 

Examples of UV absorbents include 2-hydroxybenzophenone, 
5 -chloro-2-hydroxybenzophenone, 2,4-dihydroxybenzophenone, 
2-hydroxy-4-methoxybenzophenone, 2-hydroxy-4-n-octoxybenzophenone, 
4-dodecyloxy-2-hydroxybenzophenone, 2-hydroxy-4-octadecyloxybenzophenone, 
2,2 ' -dihydroxy-4-methoxybenzophenone, 2,2 '-dihydroxy-4,4 ' -dimethoxybenzophenone, phenyl 
salicylate, p-tert-butylphenyl salicylate, p-81,l,3,3-tetramethylbutyl)phenyl sahcylate [sic; 
p-(l , 1 ,3,3-tetramethylbutyl)phenyl salicylate], 3-hydroxyphenylbenzoate, 
phenylene- 1 ,3-dibenzoate, 2-(2-hydroxy-5-methylphenyl)benzotriazole, 
2-(2-hydroxy-5-tert-butylphenyl)-5-chlorobenzotriazole, 
2-(2-hydroxy-3,5-di-tert-butylphenyl)benzotriazole, 

2-(2-hydroxy-5-tert-butylphenyl)benzotriazole, 2-(2-hydroxy-4-octyloxyphenyl)benzotriazole, 
etc. They may be used either alone or as a mixture of several. The proportion of the UV 
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absorbent depends on the application of the resin composition, film thickness, film on the 
substrate, etc., and is usually in the range of 1-20 wt%, or preferably in the range of 2-15 wt%. 

[0037] 

A typical type of optical stabilizer is the hindered amine-based optical stabilizer for 
polymer use, in particular, those with cyclic hindered amine structure. Examples include 
4-benzoyloxy-2,2,6,6-tetramethylpiperidine, 4-hexanoyloxy-2,2,6,6-tetramethylpiperidine, 
4-octanoyloxy-2,2,6,6-tetramethylpiperidine, 4-stearoyloxy-2,2,6,6-tetramethylpiperidine, 
succinic acid-bis(2,2,6,6-tetramethyl-4-piperidyl), sebacic 

acid-bis(2,2,6,6-tetramethyl-4-piperidyl), phthalic acid-bis(2,2,6,6-tetramethyl-4-piperidyl), 
trimesic acid-tris(2,2,6,6-tetramethyl-4-piperidyl), etc. They may be used either alone or as a 
mixture of several. The proportion of optical stabilizer depends on the application of the resin 
composition, fihn thickness, film of the substrate, etc., and is usually in the range of 1-20 wt%, 
or preferably in the range of 2-10 wt%. 

[0038] 

In addition, the oxidation inhibitors and thermal polymerization inhibitors that are added 
to inhibit discoloration and thermal polymerization in heating include the conventional types, 
such as hindered phenol-based compounds, thioether-based compounds, organic phosphorus- 
based compounds, etc. Examples include Irganox 1010 manufactured by Adeca [transliteration] 
Argus Co., triphenyl phosphite, etc. The proportion of said oxidation inhibitor and thermal 
polymerization inhibitor depends on the application, the thermal history in the manufacturing 
process, etc., and is usually in the range of 0.01-10 wt%, or preferably in the range of 0.01-2 
wt%. 

[0039] 

Embodiment of the invention 

In the presence of a basic catalyst, reaction is performed between 
9,9-bis(4-hydroxyphenyl)fluorene and epichlorohydrin to form diglycidyl ether (epoxy 
compound). The epoxy compound is made to react with (meth)acrylic acid to form an acrylate 
resin for optical material made of acrylate resin with hue APHA of 300 or lower. 

[0040] 

Polymerization initiator and, as needed, additives for improving weatherability and heat 
resistance and other additives are added to acrylate resin to prepare a coating material for 
protecting transparent plastics. Also, polymerization initiator, and, as needed, additives for /8 
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improving weatherability and heat resistance, pigment, and other additives are added to said 
acrylate resin to prepare a material for color filter. In addition, polymerization initiator, and, as 
needed, additives for improving weatherability and heat resistance and other additives are added 
to said acrylate resin to prepare an adhesive for optical material. 

[0041] 

Application examples 

In the following, this invention will be explained in detail with reference to application 
examples and comparative examples. In the following application examples and comparative 
examples, measurement of the hue APHA of the acrylate resin composition was performed for 
50 wt% ethyl Cellosolve acetate solution of the target substance of measurement according to JIS 
K-6901. Also, measurement of the yellowing index (YI) was performed by a chromaticity meter 
(product of Suga Shikenki K.K.) using a standard C light source. From the 3 stimulus values in 
the transmitted light, YI was calculated using the equation : YI = (1.06X - 1.28Z)/100Y. 

[0042] 

Production example 1 

75.0 g of the epoxy compound represented by formula (2), with epoxy equivalent of 257 
and hue APHA 30, 20.1 g of acryhc acid, 0.029 g of 2,6-di-t-butyl-4-hydroxytoluene, and 0.13 g 
of triethylbenzylammonium chloride were loaded in a 500-mL flask equipped with a reflux 
condenser. While dry air was blown in at a rate of 25 mL/min, the contents were heated to 100°C 
to form a homogeneous sticky solution. 

[0043] 

Then, while the contents were heated at 1 16-1 IS^'C and were agitated, the epoxy 
equivalent and acid value were measured at an arbitrary time, and about 0.45 g of acrylic acid 
was added to make up for the loss due to spraying out from the reaction system. After 14 h, an 
acrylate resin represented by formula (1) and having hue APHA 50 (hereinafter referred to as 
"FHPA") was obtained. 

[0044] 

Application Example 1 

A hard coating agent with composition A as a coating material for protecting transparent 
plastics was prepared by adding the following components into 5 g of FHPA obtained in said 
Production Example 1 : 60 g of dipentaerythritol hexacrylate (DPHA, product of Nippon Kayaku 
K.K.) as crosslinking agent, 35 g of ethylene glycol dimethacrylate (EGDM, product of Kyoei 
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Kagaku K.K.) as reactive diluting agent, as well as 3 g of 

2-niethyl-l-(4-methylthiophenyl)-2-morpholinopropan-l-one (Irgacure 907, product of 
Ciba-Geigy Co.). 

[0045] 

Said hard coating agent with composition A was coated on a polycarbonate plate using a 
spin coater to form a 7-)im-thick coating film, followed by irradiation with light to form a cured 
film. Then, steel wool test was performed using #0000 steel wool for repeated rubbing under a 
load of 250 g/cml The results indicated were good, with no scratches at all. 

[0046] 

Then, said hard coating agent with composition A was coated on a polycarbonate plate 
using a spin coater, followed by irradiation of light to form a 7-|im-thick coating film. For the 
obtained coating film, weatherability test was performed on a high-energy xenon weatherometer 
SC700-WA manufactured by Suga Shikenki K.K. Yellowing index and crack generation time 
were measured before and after the weatherability test. The results indicated that before the 
weatherability test, the yellowing index (YI) was 0.31. Then, after 600 h of the weatherability 
test, the yellowing index (YI) became 0.8, and crack generation time was 750 h. 

[0047] 

Using epoxy compounds having epoxy equivalent and hue APHA listed in Table 1 and 
prepared in Production examples 2 and 3 and Comparative Production Examples 1 and 2, FHPA 
samples of the production examples and Co-FHPA samples of the comparative production 
examples having hue APHA listed in Table 1 were prepared in the same operation as in 
Production example 1 . 
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[0048] 



Key: 1 
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3 
4 
5 
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Table 1 
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Properties of feed epoxy compound 
Abbreviation and hue of product 
Hue 

Epoxy equivalent 

Abbreviation 

Production Example 

Comparative Production Example 

(Note) FHPA: Fluorene hydroxypropyl acrylate resin 



[0049] 

A pplication Examples 2-9 and Comparative Examples 1-6 

Using FHPA and Co-FHPA manufactured in Production examples 1-3 and Comparative 
production examples 1 and 2, hard coating agents with compositions A-C listed in Table 2 were 
prepared as coating materials for protecting transparent plastics by adding the following 
additives: dipentaerythritol hexacrylate (DPHA, product of Nippon Kayaku K.K.) as 
hexafunctional crosslinking agent, tris(acroxyethyl)isocyanurate (M315, product of Toa Gosei 
K.K.) as tri-functional crosslinking agent, ethylene glycol dimethacrylate (EGDM, product of 
Kyoei Kagaku K.K.) as reactive diluting agent, isobomyl acrylate (IB-XA) also as a reactive 
diluting agent, and Irgacure 907 as a photopolymerization initiator. For all of said hard coating /9 
agents with compositions A-C, several or tens of scratches were observed in the steel wool test. 
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[0050] 

Table 2 
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Irg907: imi7-m7 (fW^^-tig!) 

Key: 1 Composition of hard coating agent (g: parts by weight) 
2 (Notes) 

FHPA: fluorene hydroxypropyl acrylate resin 

DPHA: dipentaerythritol hexacrylate (product of Nippon Kayaku K.K.) 
EGDM: ethylene glycol dimethacrylate (product of Kyoei Kagaku K,K.) 
M315: tris(acroxyethyl)isocyanurate (product of Toa Gosei K.K.) 
IB-XA: isobomyl acrylate (product of Kyoei Kagaku K.K.) 
Irg907: Irgacure-907 (product of Ciba-Geigy Co.) 

[0051] 

For the hard coating agents prepared in Application Examples 2-9 and Comparative 
Examples 1-6 with compositions A-C, weatherability test was performed in the same way as in 
said Application Example 1 . The yellowing index and crack generation time were measured 
before and after the weatherability test. The results are listed in Table 3, together with the resuhs 
for said Application Example 1 . 
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»i): 97jm^x mmifo 
Abbreviation of FHPA 
Composition of hard coating agent 
Results of weatherability test 
YI value before test 
YI value after 400 h 
YI value after 600 h 
Crack generation time (h) 
Application Example 
Comparative Example 
(Notes) 

YI value: Yellowing index value 

#1) Measurement was not performed due to generation of cracks. 



[0053] 

Application Examples 10-17 and Comparative Examples 7-10 

Using FHPAl and 3 and Co-FHPAl manufactured in Production Examples 1 and 3 and 
Comparative Production Example 1, adhesives with compositions D-G listed in Table 4 were 
prepared as adhesives for optical material by adding the following additives: 2-hydroxyethyl 
acrylate (HEMA) as a reactive diluting agent, triethylene glycol diacrylate (3EGA) also as a 
reactive diluting agent, tris(acroxyethyl)isocyanurate (M315, product of Toa Gosei K.K.), 
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y-acryloyloxypropyltrimethoxysilane (y-aSi), and Irgacure 907 as a photopolymerization 
initiator. 



[0054] 
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Composition of adhesive (g: parts by weight) 
(Notes) 

FHPA: fluorene hydroxypropyl acrylate resin 
HEMA: 2-hydroxyethyl acrylate 
SEGA: triethylene glycol diacrylate 

M315: tris(acryloxyethyl)isocyanurate (product of Toa Gosei K.K.) 
y-aSi: y-acryloyloxypropyl trimethoxysilane 
Irg907: Irgacure-907 (product of Ciba-Geigy Co.) 



[0055] 

For each of the adhesives with compositions D-G prepared in Application Examples 
10-17 and Comparative Examples 7-10, the following test was performed. The adhesive was 
coated and sandwiched between two 5-mm-thick glass plates, with an adhesion area of 12.5 mm 
X 25 mm and a thickness of 40 |im. Then, 500 mj of light emitted from a high-pressure mercury 
lamp (400 W) were radiated, followed by heat treatment at 100°C for 2 h for bonding. Then, 
using a high-energy xenon sunshine weatherometer (product of Suga Shikenki K.K.), 
weatherability test was performed at a black panel temperature of 63 °C for 200 h consisting of 
cycles each included 12 min of raining state and 48 min of dry state. The yellowing index in the 
bonding initial stage and bonding strength (tensile shear strength at 23°C) were measured before 
the weatherability test and after 200 h of the weatherability test. The results are listed in Table 5. 
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Abbreviation for FHPA 
Composition of hard coating agent 
Results of weatherability test 
YI value before test 
YI value after 200 h 
Adhesive strength before test 
Adhesive strength after 200 h of test 
Application Example 
Comparative Example 
(Notes): YI value: Yellowing index value 
Adhesive strength: kg/cm^ 



[0057] 

Application Examples 18-23 and Comparative Examples 11-14 

Using FHPAl-'3 and Co-FHPAl and 2 manufactured in said production examples and 
comparative production examples, protective film agents with compositions H and I listed in 
Table 6 were prepared as protective film agents for color filters by adding the following 
additives: dipentaerythritol hexacrylate (DPHA, product of Nippon Kayaku K.K.) as hexa- 
functional crosslinking agent, tris(acroxy[sic, acryloxy]ethyl)isocyanurate (M315, product of 
Toa Gosei K.K.) as trifiinctional crosslinking agent, ethyl Cellosolve acetate (ECA) as a solvent, 
y-acryloyloxypropyltrimethoxysilane (y-aSi) as a silane coupling agent for improving adhesion 
property with glass, Michler's ketone (MK) as a sensitizing agent, and Irgacure 907 as a 
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photopolymerization initiator. For these protective film agents, pressure filtering was performed 
using a 0.2-jam Teflon filter under a pressure of 0.2 kg/cm . 



[0058] 



Table 6 



DPHA: Hymv}hi\^mnv'\ iB:$iimnm} 
* M315: mc7mvm)rjmu-\' (Mw-^^wm 

7-aSi: 7-l^^M'jimWWrn'j 



/II 





0 






JSI^ 


X (g : 1 








FHPA 


DPHA 




BCA 


7-aSi 


MK 


lrg907 


H 


70 


30 




240 


3 


1 


3 


I 


70 


30 


JO 


250 


3 


J 


3 



Key; 1 Composition of protective film agent for glass filter (g: parts by weight) 
2 (Notes) 

FHPA: fluorene hydroxypropyl acrylate resin 

DPHA: dipentaerythritol hexacrylate (product of Nippon Kayaku K.K.) 

M315: tris(acroxy[sic, acryloxy]ethyl)isocyanurate (product of Toa Gosei K.K.) 

ECA: ethyl Cellosolve acetate 

y-aSi : y-acryloyloxypropyltrimethoxysilane 

MK: Michler's ketone 

Irg907: IRGAClJRE-907 (product of Ciba-Geigy Co.) 



[0059] 

For each of the samples of the protective film agents prepared in said application 
examples and comparative examples, the following test was performed. The agent was coated 
with a spin coater on a glass substrate coated with Si02, followed by drying at 80°C for 3 min. 
Then, for the obtained coating film, exposure was performed with 200 mj of light at 365 nm, 
followed by heat treatment at 200°C for 1 h. The obtained coating film has a thickness of 2 fim, 
and is very uniform, and no gel-like substance was observed. 

[0060] 

For each of the coating films prepared in the application examples and comparative 
examples, heat resistance test was performed by heat treatment at 250°C for 1 h in a clean oven. 
The yellowing index was measured before and after the heat resistance test, with results listed in 
Table 7 for comparison. 
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[0061] 



Key: 1 Abbreviation of FHP A 

2 Composition of protective film agent 

3 Results of heat resistance test 

4 YI value before test 

5 YI value after the test 

6 Application Example 

7 Comparative Example 

8 (Notes): YI value: Yellowing index value 



Table 7 
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FHPA2 


H 


0,2 


K2 
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0.2 


1,2 
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FHPA3 


H 


0.4 


J. 9 
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0.4 


1.5 
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11 


Co-FHPAI 


H 


1.5 


4.9 


12 


// 


1 


1.8 


4.3 


13 


C0-FHPA2 


H 


1.8 


5.2 




14 




1 


1.9 


4.2 



[0062] 

Effect of the invention 

For the acrylate resin composition for optical material of this invention, there is little 
yellowing in weatherability test and heat resistance test. Consequently, the freedom of choice 
becomes larger with respect to addition of stabihzer and other additives. Also, for the same 
amount of addition, the degree of yellowing of the cured film is lowered. In addition, crack 
generation can be reliably prevented. Consequently, this material can be used preferably as 
optical materials, such as coating material for protecting transparent plastics, material for color 
filter, adhesive for optical material, etc. 



